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Introduction 


The  original  goal  of  this  program  was  the  design  of  new  organic  polymers  and  composites  with 
enhanced  third-order  optical  nonlinearity.  New  organic  NLO  chromophores  were  to  be  designed  and 
synthesized  and  incorporated  into  copolymer  formulations  as  alternating  repeat  units,  or  into  guest- 
host  composite  systems. 


Synthesis  of  New  Chromophores  and  Polymers 

In  the  first  year  of  this  project,  the  focus  was  on  bis-anthracenylpolyenes  and  bis- 
ferrocenylpolyenes.  Several  new  polyenes  were  synthesized  by  bis-Wittig  condensation: 


Ar-(CH=CH)nCHO  +  Bu3PCH2(CH=CH)n^CH2PBu3,  IX 


NaOEt/EtOH  orDMF 

1 


Ar-(CH=CH)^Ar 


n  =  0,  1,2  . . . 
m  =  1,  2 
p  =  2n  +  m  +  2 


G  =  H,  C10H21S,  QH|3 


Polyenes  with  p  >  6  could  not  be  synthesized  due  to  solubility  limitations.  Both  polyene  series  were 
chemically  oxidized  to  stable  bipolaron-like  dications  with  SbClj.  In  both  cases,  the  dications  were 
extremely  stable.  Polycarbonate  composites  of  the  bis-anthracenylpolyenes  in  both  neutral  and 
oxidized  form  were  prepared,  and  it  was  determined  that  no  decay  in  optical  absorption  for  the 
bipolaron  form  was  found  after  several  months.  However,  the  films  did  become  brittle,  probably  due 
to  incomplete  removal  of  antimony  species  (SbClj  or  SbClj).  The  bis-ferrocenylpolyenes  could  also 
be  cast  as  optical  quality  films  in  polystyrene  composites.  However,  concentrations  greater  than 
2.5%  of  the  NLO-active  species  were  difficult  to  prepare  due  to  lack  of  solubility  and/or  phase 
separation.  Attempts  were  made  to  incorporate  both  bis-anthracenyl  and  bis-ferrocenyl  moieties  into 
copolymers  (polyurethane  and  polycarbonate  formulations).  This  approach  was  not  very  successful 
due  to  lack  of  monomer  and  oligomer  solubility  which  produced  materials  of  low  molecular  weight. 

values  for  the  1 ,6-bis-ferrocenylhexa-l  ,3,5-triene  were  obtained  by  degenerate  four-wave  mixing 
in  collaboration  with  Professors  Robert  Hellwarth  and  Larry  R.  Dalton  at  the  University  of  Southern 
California. 


2.5%  polystyrene  composite 


In  the  second  year  of  the  project,  we  expanded  our  studies  to  include  NLO-active  chromophores 
which  might  exhibit  multifunctionality.  Thus,  not  only  might  these  new  materials  display  enhanced 
third-order  nonlinearity,  but  they  may  also  function  in  such  diverse  fashions  as  light-emitting  thin- 
film  diodes  (LEDs),  or  as  potential  polymeric  superconductors  when  in  their  doped  form.  We 
focused  on  incorporation  of  the  NLO-phores  into  formal  copolymers  such  as  polyamides  or  as  block 
copolymers  alternating  with  dialkylsilanyl  groups.  We  were  able  to  incorporate  polythiophene, 
poly[p-phenylene  vinylene]  (PPV),  or  poly[thienylene  vinylene]  (PTV)  oligomeric  repeat  units  into 
polyamide  structures  in  excellent  yield; 


HOOC-(oligomer)--COOH 


SOCI2 

h 


O  O 

II  II 

CI-C-(oligomer)— C— Cl 


H2NCH2C(CH3)2CH2NH2 

toluene  /H2O  (interfecial) 


O  O  CH3 

II  II  I 

■C-(oligomer)-CNHCH2CCH2NH 


CH3 


n 


The  following  polymers  were  synthesized  by  this  approach: 


Silane  block  copolymers  were  made  by  reacting  a  dilithio  derivative  of  the  NLO-phore  with  the 
corresponding  dichlorodialkylsilane  moiety: 


0CH3 


1. t-BuLi/-78° 

2.  Me2SiCl2 


polymer 


The  silane  block  approach  in  general  yielded  lower  MW  polymers  than  the  polyamide  syntheses, 
however,  the  following  polymers  were  obtained: 


n 


Several  of  these  copolymers  have  been  successfully  tested  in  LED  devices.  This  is  discussed  in  a 
later  section. 

As  a  companion  project  to  our  URI-RIP  program  (AFOSR  49620-92-J-0533),  we  have  been 
attempting  to  incorporate  TTF  subunits  into  copolymer  and  pendant  polymer  formulations.  The 
following  monomers  have  been  successfully  synthesized: 


The  AASERT  fellow  working  on  this  project,  Mr.  John  Thurmond,  is  currently  converting  these 
monomers  into  the  following  polymer  formulations: 


o 


Jn 


O  O  CHj 

II  II  I 

■C-TTF— CNHCHjCCHjNH- 

CH3 


O 

II 

-OCH2-TTF— CH20CNH(CH2)6NH- 


n 


Polymer  synthesis  and  characterization  will  be  the  final  stage  of  his  doctoral  thesis. 

Finally,  two  of  the  undergraduate  research  assistants  associated  with  this  project  over  the  past 
two  years  have  developed  a  new  approach  to  the  design  of  thermally  stable  NLO  chromophores 
based  on  the  diphenylamino  moiety.  Bis-CiV.iV-diphenylaminojdiphenylpolyenes  have  been 
synthesized  as  follows: 


i  POCI3/DMF/A 
iu  Bu3PCH2(CH=CH)pCH2PBu3, 2X' 
at  Bu3PCH2-<°])  /NaOa/DMF;  I0%HCI/THF 

The  resulting  polyenes  are  much  more  soluble  than  those  based  on  Me2N  substituents.  They  are  also 
more  stable  thermally.  We  have  been  able  to  synthesize  polyenes  up  to  n  =  8,  with  no  loss  in 
solubility.  The  polyenes  can  be  oxidatively  doped  to  bipolaron-like  dications  in  solution  with  SbClj 


to  yield  extremely  stable  charged  species  (no  decay  in  optical  signal  for  several  weeks).  The 
absorption  characteristics  of  these  materials  are  shovra  in  Table  1 . 

Table  1.  Oxidative  doping  of  bis(diphenylamino)diphenylpolyenes 


n 

Tt-Tt*  neutral  (nm)" 

BP  (nm)" 

3 

424 

730 

4 

438 

770 

5 

449 

805 

6 

462 

848 

7 

464 

892 

8 

485 

922 

"10'^  Absolutions  in  CH2CI2. 


At  the  current  time  we  are  extending  these  syntheses  to  determine  if  there  are  oligomer  length  or 
solubility  limitations  to  this  synthetic  approach  to  new  NLO  chromophores  with  enhanced 
processibility  and  thermal  stability.  In  addition,  we  have  recently  shown  that  these  moieties  can  be 
incorporated  into  copolymer  structures  which  are  being  evaluated  for  their  LED  and  NLO  behavior 
(Figure  1). 


1. Na8H4 

2. AC2O 


HOCH2' 


OCeH,7 

CaHijo' 


0=C=N(CH2)6N=C=0 


CH20H 


Figure  1.  Synthesis  of  copolymer  incorporating  diphenyl  aminophenyl-PPV  subunits. 


Interactions/T ransitions 


An  ongoing  collaboration  with  Laser  Photonics  Technology,  Inc.,  as  reported  in  our  last  Interim 
Progress  Report  (September  30,  1994-September  I,  1995),  utilizing  several  of  the  polymers 
developed  in  this  program,  is  continuing.  The  copolymers  incorporating  PPV  and  PTV  segments 
have  been  fabricated  into  LED  devices,  funded  under  an  SBIR  Phase  I  by  the  National  Science 
Foundation.  A  Phase  II  proposal  has  been  submitted  and  is  still  under  active  consideration.  This 
collaboration  is  being  coordinated  by  Dr.  Ryszard  Burzynski,  Laser  Photonics  Technology,  Inc., 
1576  Sweet  Home  Road,  Amherst,  NY  14228.  Professor  Spangler  is  a  consultant  to  this  project. 
A  summary  of  the  polymer  LED  characteristics  is  illustrated  in  Figures  2-5  and  in  Table  2. 

Personnel  Supported 

The  original  appointee  to  the  AASERT  fellowship  was  Ms.  Michelle  Sachtleben.  After  working 
on  the  above  project  for  one  semester,  Ms.  Sachtleben  resigned  her  position  for  personal  reasons  and 
left  graduate  school  for  an  industrial  position.  Mr.  John  Thurmond  replaced  her,  as  reported  in  our 
first  Interim  Progress  Report.  Mr.  Thurmond  has  since  completed  all  the  requirements  for  the 
doctoral  degree  and  is  scheduled  to  graduate  in  May  1997.  He  has  reeently  been  awarded  a 
Dissertation  Completion  Fellowship  by  Northern  Illinois  University.  Mr.  Thurmond  intends  to 
pursue  a  postdoctoral  appointment  in  NLO  materials,  followed  by  a  college-level  academic  position. 
He  will  continue  the  research  interests  developed  during  the  tenure  of  his  AASERT  fellowship.  Mr. 
Thurmond  has  also  been  involved  in  the  URI-RIP  project  on  the  design  of  superconducting  organic 
polymers. 

Several  undergraduates  have  participated  in  this  project  as  research  assistants.  The  following 
list  of  students  also  indicates  how  they  are  currently  involved  in  chemistry: 

1 .  Mr.  William  Veldhuyzen,  Ph.D.  program.  University  of  Illinois 

2.  Mr.  Ken  Ifkovits,  Ph.D.  program.  University  of  Arizona 

3.  Mr.  Hu  Li,  M.S.  program.  University  of  Southern  California 

4.  Mr.  Tyson  Norlin,  current  undergraduate  research  assistant,  plans  to  attend  graduate  school 

New  Discoveries,  Inventions,  or  Patent  Disclosures 

At  the  current  time,  no  patent  disclosures  on  the  LED  work  have  been  filed. 

Honors/A  wards 


None. 
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Figure  2:  Synthesis  of  LEDl,  LED2,  LED3  &  LED4. 
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Figure  5:  Voltage  dependence  oflight  intensity  and  current  for  LED  1-4. 
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